The opportunity for more precise definition of the biological role of this cytokine has now been afforded by the availability of genetically IL-5-deficient mice, generated using homologous recombination in embryonic stem cells (Kopf et al., 1996) . IL-5-deficient mice have smaller CD5 + B cell (B-1 cell) populations in early life (Kopf et al., 1996) and IgA production by B-1 cells in mucosal tissues is moderately impaired (Whittle et al., 1997; Bao et al., 1998) , but other cytokines compensate for these functions of IL-5. In contrast, the role of IL-5 in regulating the eosinophil lineage is relatively specific (Sanderson, 1992) , and the most marked consequence of IL-5 deficiency is observed in the eosinophil compartment. Basal concentrations of eosinophils are diminished two-threefold in the circulation and bone marrow of IL-5-deficient mice, indicating that steady state production of eosinophils is compromised. The blood and tissue eosinophilia characteristically induced by inflammatory stimuli including helminth infection (Takamoto et al., 1997 , Ovington et al., 1998 and aeroallergen challenge (Foster et al., 1996) are completely abolished in IL-5-deficient mice.
Within the peripheral tissues, eosinophils are most plentiful in the mucosal tissues of the gastrointestinal, respiratory and urogenital tracts. Through their secretion of an array of cytokines and potent cationic enzymes, these cells are thought to participate both in regulating local immune events and in orchestrating the breakdown and repair of stromal tissues associated with homeostasis and pathological insults or injury (Sanderson, 1992; Kroegel et al., 1994a,b) . Eosinophils have also been postulated to play a role in host defence against parasites and support for this concept has been obtained from studies using IL-5-deficient mice Ovington et al., 1998) .
Eosinophils have long been recognized to comprise an abundant population of cells in the uterine endometrium in rodents. In rats, in which uterine eosinophils have been most comprehensively studied, their numbers fluctuate across the cycle, reaching peak values at oestrus (Ross and Klebanoff, 1966) . Comparable patterns are seen in mice, in which the abundance and proximity to the epithelial surface of eosinophils increase further after exposure to semen at mating, and then diminish over subsequent days. By the time of implantation and for the duration of pregnancy, eosinophils are relatively sparse in the endometrial and decidual tissues (De et al., 1991; Robertson et al., 1996) . The function of eosinophils in the uterus remains undefined; a role in mediating the oestrogen-induced growth and differentiation of somatic cells has been proposed but not experimentally substantiated (Perez et al., 1996) . Recruitment of eosinophils into the cervical and decidual tissues at the time of parturition has also been described in rats and humans (Duchesne and Badia 1992; Knudsen et al., 1997) , but studies in mice are more equivocal.
Although IL-5 deficiency is not associated with any overt reproductive incapacity (Kopf et al., 1996) , the precise effect of the genotype on reproductive performance has not been examined. The purpose of this study was to undertake a detailed investigation of the uterine eosinophil population and pregnancy outcome in IL-5-deficient mice, to determine the physiological importance of IL-5 in reproduction.
Materials and Methods

Mice and breeding experiments
Mice homozygous for a disrupted IL-5 gene (IL-5 -/mice) were generated using gene targeting techniques in C57Bl/6 embryonic stem cells (Kopf et al., 1996) , and were backcrossed from founder mice into the CBA.N 7 and Balb/c germlines for seven generations. Heterozygous mice were then intercrossed to produce IL-5 -/-and IL-5 +/+ strains. IL-5 -/-and wild-type control (IL-5 +/+) mice of each strain were obtained from the Gene Targeting Transgenic Mouse Facility of the John Curtin School of Medical Research. Breeding experiments were conducted in a specific pathogen-free (SPF) facility at the University of Adelaide. Mice were provided with food and water ad libitum.
For analysis of oestrous cycles, vaginal smears were prepared at 10:00-12:00 h each day and examined by phasecontrast microscopy. Mice were allocated to one of four stages of the cycle on the basis of the cellular composition: pro-oestrus (> 50% intact, live epithelial cells), oestrus (100% cornified epithelial cells), metoestrus (~ 50% leukocytes and 50% cornified epithelial cells) or dioestrus (> 70% leukocytes plus cornified or intact epithelial cells). For breeding experiments, adult females (8-12 weeks, IL-5 -/-or IL-5 +/+ C57Bl/6) were housed 2:1 with adult stud males (IL-5 -/-or IL-5 +/+; C57Bl/6 for syngeneic matings and CBA or Balb/c for allogeneic matings) and allowed to mate naturally. The day on which a copulation plug was evident was nominated day 1 of pregnancy, and the interval between placing with males and day 1 of pregnancy was noted for each female. In Expt 1, pregnant females were housed separately from males in groups of three to five and killed by cervical dislocation at 10:00-13:00 h on day 17 of pregnancy, when the number of viable and resorbing implantation sites were recorded. Viable fetuses and placentae were dissected free of decidua and fetal membranes and weighed, and the fetal:placental ratio (fetal weight:placental weight) was calculated. In Expt 2, pregnancy was allowed to proceed until term, when the date and time (to the nearest 0.5 day) of parturition, and the number of live pups were recorded. Pups were weighed 14-20 h after birth, and then at 8 days, 3 weeks (weaning) and 6 weeks after birth. In Expt 3, females remained with males for the duration of pregnancy. The time of parturition, and the appearance of a copulation plug within the next 24 h was recorded. Pups were removed from females mated at postpartum oestrus, and females were housed in groups of three to five until they were killed on day 17 when implantation sites were analysed as described above.
Histochemistry and immunohistochemistry
Additional groups of IL-5 -/-and IL-5 +/+ female C57Bl/6 mice were killed at 10:00-12:00 h on the days of dioestrus or oestrus, or on day 1 or day 3 of pregnancy after mating with males of the same genotype. The stage of oestrous cycle was evaluated by examination of external vaginal appearance and vaginal smears. Uterine tissue was embedded in OCT compound (Tissue Tek; Bayer Corp., Elkhart, IN) and frozen in isopropanol cooled by liquid nitrogen. Six micrometre semi-serial sections were cut from an area midway between the cervix and oviductal junction, fixed in 96% ethanol and immunolabelled. Cervical tissue and decidual tissue from implantation sites or placental scars were recovered from IL-5 -/-and IL-5 +/+ females during parturition (after the birth of at least two pups) or within 6 h of the completion of delivery.
Eosinophils in endometrium and cervical tissue were detected on the basis of their endogenous peroxidase activity (King et al., 1981) by incubating slides in diaminobenzidine (DAB; Sigma)(5 mg ml -1 in 0.05 mol Tris-HCl l -1 , pH 7.2) plus 0.02% hydrogen peroxide for 10 min at room temperature, or by the Sirius red or Congo red techniques (Bancroft and Stevens, 1990) . Endometrial tissue from cyclic and mated mice was also stained with monoclonal antibodies (mAbs, from the American Type Culture Collection, Rockville, MD) rat anti-mouse F4/80 (which is specifically reactive with macrophages; Austyn and Gordon, 1981) and rat anti-mouse CD45 (leukocyte common antigen (LCA), TIB122, which is specifically reactive with all leukocytes). Reactivity was visualized using biotinylated goat anti-rat antibody and streptavidin-horseradish peroxide as described by Robertson et al. (1992) . All tissues were counterstained in haematoxylin. The area of positive DAB staining in the endometrial stroma (expressed as a function of the area of total staining) was determined by video image analysis using Video Pro software (Faulding Imaging, Adelaide).
Statistical analyses
Immunohistochemistry data were analysed by Kruskal-Wallis one-way ANOVA, followed by Mann-Whitney rank sum tests (two-tailed; SPSS Software, Chicago, IL). Fertility data were analysed by ANOVA and Bonferroni t tests (SPSS), with or without inclusion of strain and litter size as covariates, as specified. Data expressed as proportions were analysed by CHITEST and CHIDIST procedures in Excel 5.0 (Microsoft, Redmond, WA). Differences between groups were considered to be significant when P < 0.05.
Results
Effect of IL-5 deficiency on uterine eosinophil populations during the oestrous cycle and early pregnancy
Sections of uteri were taken from dioestrous, oestrous, day 1 and day 3 pregnant IL-5 -/-and +/+ mice (n = 6 mice per group) to examine the effect of IL-5 deficiency on uterine histology and eosinophil populations in the endometrium. In preliminary experiments using serial sections of uterine tissue, identical staining patterns were found irrespective of whether eosinophils were stained with DAB, Sirius red or Congo red, and DAB was used subsequently for all quantitative analyses. Uteri recovered from oestrous IL-5 -/mice were similar in dimension and wet weight to uteri recovered from cytokine replete mice (data not shown). There were no unusual features or overt differences in the morphology of uteri from IL-5 -/-mice compared with uteri from IL-5 +/+ mice, either during the cycle or during early pregnancy. There was no histological evidence of any difference in the thickness of the luminal epithelium, or in the size or number of endometrial glands at any stage.
Previous studies have shown that, during the oestrous cycle, eosinophils are localized predominantly in the stromal tissue at the endometrial-myometrial junction and are most prevalent at oestrus (Ross and Klebanoff, 1966) . After mating, eosinophils increase in number and accumulate in the endometrial stroma proximal to the luminal epithelium, then diminish in number by the time of implantation (De et al., 1991; Robertson et al., 1996) . These patterns of recruitment and localization in endometrial tissue were evident in the IL-5 +/+ mice studied in the current experiment, with the mean number of endogenous peroxidase-positive cells increasing ninefold from dioestrus to day 1 of pregnancy, then decreasing again by day 3 of pregnancy (Table 1 ). In IL-5 -/mice, the number of eosinophils in the uterine tissues was reduced markedly, with mean values fourfold lower in tissues from dioestrous and day 3 pregnant mice, and sevenfold lower in tissues from oestrous and day 1 pregnant mice. However, the spatial localization of eosinophils in the uterine tissues and their relative increase in density at Table 1 . Effect of interleukin 5 (IL-5) deficiency on eosinophil populations in the mouse endometrial stroma at dioestrus and oestrus, and on day 1 and day 3 of pregnancy n IL-5 +/+ n IL-5 -/-Dioestus 6 1.5 (0.1-2.9) a 6 0.4 (0.0-0.9) a Oestrus 6 11.0 (7.9-12.6) b 6 1.9 (1.2-3.0) b * Day 1 6 13.1 (12.1-15.8) c 6 1.8 (1.2-2.4) b * Day 3 6 1.5 (0.9-1.7) a 6 0.4 (0.2-0.8) a * Eosinophils were identified as endogenous peroxidase positive cells in endometrial tissue from C57Bl/6 IL-5 +/+ or IL-5 -/-mice recovered between 10:00 and 12:00 h on the day of oestrus or dioestrus, or on day 1 or day 3 of pregnancy after mating with males of the same genotype. The area of staining in sections was determined using Video Pro Image Analysis software. Data are given as median (95% confidence range) per cent positivity. n: number of uteri examined. Data were compared by Kruskal-Wallis one-way ANOVA followed by Mann-Whitney rank sum test. Different superscripts indicate differences between time points, within genotypes (P < 0.05). Asterisks denote significant differences between data from IL-5 -/-and IL-5 +/+ mice (P < 0.005). oestrus and after mating were comparable in IL-5 -/-and IL-5 +/+ mice ( Fig. 1 ). Additional tissue sections were labelled immunohistochemically with F4/80 and anti-LCA mAbs to identify macrophages and all leukocytes, respectively, and investigate the potential effect of IL-5 deficiency on other leukocyte populations in the endometrium. There was no effect of IL-5 status on the numbers of macrophages or other leukocyte lineages in the uterine endometrium or myometrium (data not shown). The location of leukocytes within the tissue, including cells previously identified as neutrophils traversing the luminal epithelium in the day 1 pregnant uterus (Robertson et al., 1996) , were comparable between the genotypes and similar to those described for other strains of mice (McMaster et al., 1992; Robertson et al., 1996) .
Effect of IL-5 deficiency on eosinophils in the cervix and implantation site at parturition
Primiparous IL-5 -/-and IL-5 +/+ mice (n = 4 mice per genotype) were killed during or immediately after delivery of pups to examine the effect of IL-5 deficiency on eosinophil populations in the implantation site and cervix at the time of parturition. Sections of cervical tissue and decidual tissue from implantation sites and placental scars (n = 3-4 per mouse) were stained with DAB to identify eosinophils. Eosinophils were distributed in the subepithelial stroma of cervical tissue from IL-5 +/+ mice in densities approximating those seen in dioestrous endometrium, and were considerably diminished in number in IL-5 -/-mice (Fig. 2) . Very few eosinophils were identified in decidual tissue either before or after placental separation in IL-5 +/+ mice, and were absent from implantation sites in IL-5 -/-mice.
Effect of IL-5 deficiency on the oestrous cycle and mating interval
Daily vaginal smears were taken from virgin IL-5 +/+ and IL-5 -/-females (n = 20 per group) for 2 weeks to investigate the effect of IL-5 deficiency on the duration of the oestrous cycle. All but one animal in each group demonstrated cyclic behaviour. Cycles were significantly longer in IL-5 -/-mice (mean Ϯ SD = 5.6 Ϯ 1.0 days versus 5.0 Ϯ 0.8 days in IL-5 +/+ mice, P < 0.05), owing principally to a 50% increase in the number of days spent in oestrus per cycle (Fig. 3) . Indeed, of the total number of vaginal smears examined over the course of the experimental period, 50% (118/235) from IL-5 -/-mice and 36% (86/236) from IL-5 +/+ showed a pattern characteristic of oestrus.
A further measure of the effect of IL-5 deficiency on the persistence of oestrus in female mice was made by recording the 'mating interval', defined as the number of days between placing females with stud males and the day of detection of a copulatory plug. IL-5 -/-and IL-5 +/+ females were mated with C57Bl/6, CBA and Balb/c stud males of the same IL-5 status. Mating interval was significantly affected by the strain of male, with a longer period of housing required to achieve mating with syngeneic (C57Bl/6) males than allogeneic (CBA or Balb/c) males (mean Ϯ SD mating interval = 5.6 Ϯ 5.0 and 3.5 Ϯ 3.0 days for syngeneic (n = 55) and allogeneic (n = 207) matings, respectively, P < 0.01). After correction for the background strain of stud males, mating interval was found to be significantly lower in IL-5 -/-mice (P < 0.01) ( Table 2) .
Effect of IL-5 deficiency on litter size, fetal viability, and fetal and placental weights at day 17
Virgin IL-5 +/+ and IL-5 -/-C57Bl/6 females mated naturally with males of the same genotype were killed on day 17 of pregnancy to determine whether IL-5 status influenced implantation, growth or survival of the conceptus during pregnancy. The proportion of mice plugged on day 1 that were pregnant on day 17 was not affected by genotype (Table 3 ). The numbers of implantation sites, and the proportions of implantation sites found to be resorbing on day 17 were also comparable. Viable fetuses and placentae were weighted to examine whether parental IL-5 influences the growth of the placenta or fetus. Fetal and placental weight, and the fetal:placental ratio were not influenced by IL-5 deficiency. IL-5 +/+ and IL-5 -/-C57Bl/6 females were mated naturally with CBA males or Balb/c males of the same IL-5 status and killed on day 17 of pregnancy to investigate whether allogeneic pregnancy is influenced by IL-5 status. Paternal strain did not affect the number of implantation sites per litter significantly, but fetal resorptions were less common in either allogeneic than in the syngeneic mating combination, irrespective of IL-5 genotype (Table 3 ; P < 0.01). Fetal weights and fetal:placental ratios were increased in both types of allogeneic pregnancies (Table 3 ; P < 0.001 and P = 0.05, respectively). IL-5 deficiency did not influence the proportion of mated mice maintaining pregnancy to day 17, the number of implantation sites, or the rate of fetal resorption in either strain combination (Table 3) . However, IL-5 deficiency was associated with a significant increase in mean size of placenta in females mated with CBA males (mean Ϯ SD = 107 Ϯ 17 mg versus 100 Ϯ 14 mg, respectively; P < 0.005) and mean fetal:placental ratio was reduced (6.3 Ϯ 1.3 versus 6.7 Ϯ 1.2, respectively, P < 0.005). Similar effects were not seen in Balb/c matings, and there was no effect of IL-5 genotype on fetal weight in either group.
Effect of IL-5 deficiency on parturition, perinatal fetal loss and pup growth trajectories
Virgin IL-5 +/+ and IL-5 -/-C57Bl/6 females were mated naturally with C57Bl/6, CBA or Balb/c males of the same IL-5 genotype and gestation was allowed to proceed to term to determine the effect of IL-5 status on parturition and the neonatal viability and subsequent growth of pups. There was no effect of IL-5 deficiency on the duration of gestation in any strain combination (mean Ϯ SD = 19.3 Ϯ 0.4 and 19.4 Ϯ 0.8 days in IL-5 +/+ females (n = 29) and IL-5 -/-females (n = 37), respectively). Furthermore, the survival of pups during the perinatal and postnatal period was comparable in IL-5deficient and IL-5-replete litters (Table 4) .
IL-5 deficiency was associated with small but significant increases in the weight gain trajectories of pups. The extent of the effect was significantly influenced by paternal strain, with allogeneic matings giving rise to larger pups than syngeneic matings (P < 0.001 at all time points other than at day 8)( Table 5 ). The greatest differences were evident in CBA F 1 pups, in which the mean weights of female and male IL-5 -/-pups at weaning were increased by 9.5 and 10.0%, respectively (both P < 0.01). In C57Bl/6 F1 pups, the mean weights of female and male IL-5 -/-pups at 6 weeks were increased by 7.9 and 12.2%, respectively (both P < 0.01) ( Table 5 ). Analysis of the entire data set using strain as a covariate showed that IL-5 -/-pups were significantly larger than IL-5 +/+ pups from birth until adulthood (P < 0.001 at 24 h, 8 days, 3 weeks and 6 weeks after birth).
Effect of IL-5 deficiency on pregnancy outcome after mating at post-partum oestrus
The capacity of IL-5 -/-females to support pregnancies initiated during postpartum oestrus was examined to investigate the role of IL-5 in postpartum uterine repair. The proportion of females plugged by Balb/c males remaining pregnant at day 17, and the number of viable fetuses present at day 17, were both moderately lower in IL-5 -/-than in IL-5 +/+ females, but the differences were not statistically significant (Table 6 ).
Discussion
These studies indicate that reproductive performance in mice is largely unaffected by genetic IL-5 deficiency, despite 428 S. A. Robertson et al. Virgin C57Bl/6 IL-5 +/+ and IL-5 -/-mice were placed with C57Bl/6, CBA or Balb/c males of the same IL-5 genotype. 'Mating interval' is the number of days between placing females with stud males and the day of detection of a vaginal plug. Data are given as mean Ϯ SD days. n: number of female mice mated with each type of stud male. Data were analysed by ANOVA using strain of male as a co-variate. Mating interval was found to be significantly lower in IL-5 -/mice (P < 0.01). a marked reduction in the number of eosinophils resident in the uterus at the initiation of pregnancy, and in the cervix at parturition. A moderate increase in placental size and decrease in the fetal:placental weight ratio, indicating reduced placental efficiency, was the only consequence of IL-5 deficiency detectable during pregnancy, and was limited to one of two mating combinations (C57Bl/6 females ϫ CBA males) in which fetuses were allogeneic relative to the mother. However, IL-5 -/-pups were larger than IL-5 +/+ pups at birth and through the first 6 weeks of life, and this effect was most pronounced in CBA F 1 animals.
Eosinophil depletion from the uterine tissues of IL-5deficient mice was comparable in extent with that reported for the blood and bone marrow before parasite infection (Kopf et al., 1996; Takamoto et al., 1997) . Lack of IL-5 did not alter the pattern of infiltration and localization into the subepithelial stroma of the uterus exhibited by the small residual population. This finding is consistent with the notion that IL-5 contributes significantly to generating the pool of eosinophils recruited from the circulation into the uterus, but indicates that cytokines other than IL-5 are responsible for eliciting their extravasation and movement through the uterine stroma. Eotaxin, RANTES and macrophage inflammatory protein (MIP) 1α are eosinophil chemokines implicated in this role, since their synthesis in the endometrium fluctuates in response to ovarian steroid hormones and in parallel with eosinophil infiltration in mice (Robertson et al., 1998) and humans (Zhang et al., 2000) . Virgin C57Bl/6 IL-5 +/+ and IL-5 -/-mice were mated with C57Bl/6, CBA or Balb/c males of the same IL-5 genotype and killed at day 17 of pregnancy when the numbers of viable and resorbing fetuses, as well as the fetal and placental weight and fetal:placental weight ratio were determined. Data are given as mean Ϯ SD. Data were analysed by one-way ANOVA and Bonferroni t test; *parameter significantly different from CBA +/+ (P < 0.05); **parameter significantly different from CBA +/+ (P < 0.01). Data were analysed by univariate ANOVA using strain of male and litter size as co-variates; † parameter significantly influenced by IL-5 genotype (P < 0.005); ‡ parameter significantly influenced by strain of male used in mating (P < 0.01).
Expression of the eosinophil-specific chemokine eotaxin is thought to be independent of IL-5, although IL-5 has been shown to be synergistic with eotaxin in promoting eosinophil migration (Mould et al., 1997) . Eosinophil chemotactic factor (ECF-U), a molecule which may be related to or distinct from characterized eosinophil chemokines, is synthesized by endometrial stromal cells in rats and mice and has also been shown to be independent of the activity of IL-5 (Perez et al., 1996) . These data are consistent with previous experiments showing that injection of oestrogen into immature IL-5-deficient female mice can elicit recruitment of eosinophils into the uterus, in a response with comparable kinetics but decreased amplitude relative to cytokine-replete animals (Kopf et al., 1996; K. Matthaei, unpublished) . Taken together, these findings indicate that the eosinophils infiltrating the uterus at oestrus are drawn from the blood-borne pool under the influence of IL-5 independent chemokines, although some additional role as a chemokine cofactor cannot be ruled out. In contrast with allergic inflammatory episodes (Mould et al., 1997) , uterine sequestration of eosinophils from the blood at oestrus most likely does not depend on mobilization of an IL-5 driven bone marrow pool. The current data confirm and extend an existing study (Perez et al., 1996) , in which the architecture and oestrogenresponsiveness of uterine tissues, as measured by the expression of oestrogen-regulated proteins including complement C3, were shown to be unaffected when eosinophil depletion was achieved by treatment in vivo with anti-IL-5 specific antibody. In addition, the present study shows that the duration of oestrus is extended moderately in IL-5deficient mice, as was demonstrated by the tracking of oestrous cycles and in 'mating interval' data showing more frequent receptivity to mating in cytokine-deficient mice. Eosinophils are rarely found in ovarian tissue (Brännström et al., 1993) , so direct effects in the follicle or corpus luteum seem unlikely. An effect of IL-5 deficiency on cycle kinetics might be elicited indirectly through the influence of eosinophils on uterine determinants of follicular maturation, ovulation or luteal function. This notion is consistent with a role for these cells in transducing or modulating oestrogeninduced trophic changes in uterine tissues, a notion based 430 S. A. Robertson et al. Pups are the progeny of virgin C57Bl/6 IL-5 +/+ and IL-5 -/-mice mated with C57Bl/6 males (syngeneic pregnancy) or CBA or Balb/c males (allogeneic pregnancy) of the same IL-5 genotype. Data are mean Ϯ SD weights of viable pups measured on day 1 (14-20 h after birth), and at 8 days, 3 weeks and 6 weeks of age. n: number of pups. Data catagorized by group were analysed using one-way ANOVA followed by Bonferroni t test. *Significantly different from IL-5 +/+ (P < 0.01), when each pup comprises an individual observation. † Significantly different from IL-5 +/+ (P < 0.05), when each litter comprises an individual observation. Data catagorized by allogenic or syngeneic pregnancy were analysed by Bonferroni t test. ‡ Parameter significantly influenced by genetic disparity between parents (P < 0.001), both when each pup comprises an individual observation, and when each litter comprises an individual observation. C57Bl/6 IL-5 +/+ and IL-5 -/-mice were mated with Balb/c males of the same IL-5 genotype within 24 h of parturition, then killed at day 17 of pregnancy, when the numbers of viable and resorbing fetuses, as well as the fetal and placental weights and fetal:placental weight ratio were determined. Data are given as mean Ϯ SD.
originally on the observation of close temporal relationship between oestrogen-mediated uterine growth and the ontogeny and kinetics of uterine eosinophilia (Lee et al., 1989) . Such a function could be mediated through eosinophil secretion of epithelial and fibroblast growth factors such as transforming growth factor α (TGFα) and TGFβ (Yokota et al., 1987; Wong et al., 1990) . While the current study shows that gross structural changes occur in the endometrium despite eosinophil depletion, it is reasonable to speculate that diminished eosinophil populations might be associated with a delay in achieving peak uterine responses to oestrogen. Alternatively, delayed responses to oestrogen withdrawal, perhaps including the synthesis of any luteolytic factors, might ensue if eosinophils are involved in endometrial tissue breakdown through their degranulation and release of cytotoxic proteins and superoxide molecules, or in the sequestration and inactivation of oestrogen (Klebanoff, 1965) .
Observations linking eosinophils with menstruation in the human endometrium support this latter alternative (Zhang et al., 2000) . However, any role for eosinophils in uterine homeostasis must be of limited physiological significance since the present study showed that their depletion does not compromise the functional capacity of the endometrium to support embryo implantation and development. Tissues taken from cyclic and early pregnant mice comprised the focus of the histological experiment in this study since uterine eosinophils are most prominent and exhibit their most dynamic fluctuations at this time. Eosinophils are rarely seen in the pregnant uterus and were not found in this or previous studies (Brandon, 1994) to be among the leukocytes that infiltrate the involuting nodules at the placental implantation site after parturition. In the current study, eosinophils were seen in the cervix of normal mice indicating that, in mice as in rats, eosinophils recruited into the cervical stroma at parturition have a role in cervical ripening or the recovery of this tissue after the birth process (Duchesne and Badia, 1992) . However, the timing and success of parturition was unchanged in IL-5-deficient animals despite considerably decreased numbers of cervical eosinophils, indicating that any role is not obligatory. Moreover, recovery of the female reproductive tract after delivery did not appear to be delayed in IL-5-deficient mice, since new pregnancies initiated during the postpartum oestrus were sustained equally well regardless of IL-5 genotype.
The decreased placental efficiency and the subsequent increase in pup growth trajectory in IL-5-deficient pups is a significant finding in view of accumulating evidence from epidemiological and animal studies showing the importance of placental size as a determinant of fetal metabolic programming and weight gain in later life (Barker and Clark, 1997) . The present observations are reminiscent of the accelerated placental and disproportionate fetal and postnatal growth observed in rats malnourished during midto-late gestation (Langley-Evans et al., 1996) . Taken together, these considerations raise the possibility that IL-5 has a role in establishing optimal placental function and consequently in defining metabolic 'set-points' in the fetus.
Interleukin 5 has been reported to be present in abundance in the decidual and placental tissues of mice (Lin et al., 1993) , although its cellular origin has not been well characterized.
In women, synthesis occurs in uterine natural killer cells (Saito et al., 1993) and in type 2 polarized T lymphocytes, particularly after exposure to progesterone (Piccinni et al., 1995) . The interaction between mating combination and IL-5 deficiency indicates that the role of IL-5 depends on the antigenic relationship between the mother and the conceptus, and may involve the maternal immune compartment. An immuno-regulatory role for the abundant eosinophil populations present in the uterus during early pregnancy may be important in view of evidence that the maternal immune response to paternal alloantigens are initiated at this time (Tafuri et al., 1995; Robertson et al., 1997) . Through their antigen-presenting activity and cytokine synthesis respectively, eosinophils can influence both the activation and effector function of lymphocytes. Eosinophils have potent phagocytic and antigen processing capabilities, can express class II major histocompatibility complex antigens and stimulate T-lymphocyte activation in vitro (Weller and Lim, 1997) . Through their secretion of cytokines, including IL-10 and TGFβ (Kroegel et al., 1994a; Nakajima et al., 1996) , the presence of eosinophils in tissues appears to favour induction of type 2 immune responses (Wyss Coray et al., 1993) . Alternatively, IL-5 deficiency may cause aberrations in other aspects of the immune response to pregnancy. IL-5 gene disruption would be expected to interfere with uterine humoral immune responses since, in other tissues, B lymphocyte proliferation and immunoglobulin synthesis are decreased to different extents depending on the tissue and antigen studied (Kopf et al., 1996 , Whittle et al., 1997 . IgA synthesis in B lymphocytes of the B1 (CD5 + ) lineage are particularly dependent on IL-5 (Bao et al., 1998) , and IgG 1 synthesis can also be substantially reduced in IL-5-deficient mice (Zhang and Denkers, 1999) .
In summary, these experiments show that reproductive events proceed relatively unimpeded in the absence of IL-5 and despite severe depletion of uterine eosinophils. The cost of accommodating IL-5 deficiency appears to be moderately less efficient placental function, and subsequent elicitation of a 'thrifty' phenotype in the newborn, to an extent that depends on the genotype of the fetus. These findings add to mounting evidence implicating a modulatory role for the maternal immune axis in placental development and hence fetal growth and viability. The precise nature of the eliciting mechanisms and physiological consequences of perturbation in utero in IL-5-deficient mice, and the significance of the IL-5-eosinophilic axis in human reproduction, remain to be investigated.
